Proliferative kidney disease (PKD) is a well recognized disease of salmonid fishes reared in fresh water hatcheries throughout Europe (Clifton Hadley et al., 1984) and western North America (Hedrick et al., 1993) . The causative agent of PKD is PKX, the extrasporogonic stage of an unidentified myxosporean (Kent and Hedrick, 1986) . Recently, Kent et al. (1993) proposed that the PKX organism may be an extrasporogonic form of Sphaerospora oncorhynchi, which completes sporulation in adult salmon. The PKX organism primarily infects the kidney, where it provokes chronic renal interstitial nephritis (Ferguson and Needham 1978; Clifton Hadley et al., 1987a; MacConnell et al., 1989) . In fected fish are often anemic (Hoffmann and Lommel, 1984; Clifton-Hadley et al., 1987b) , which may be the ultimate cause of death. Fish with severe PKD may also exhibit lower serum protein (Hoffmann and Lommel, 1984) and elevated serum magnesium and calcium levels (Foott and Hedrick, 1990 
Results

study
Almost all (27 of 29) of the chinook transferred to PBS were infected with PKX, and all infected fish exhibited moderate to severe RIH due to diffuse chronic inflammation in the renal interstitium.Fish showed no pathologic signs suggestive of other dis eases,except a few fish had tail rot.Approximately 30% of the fish died before the study was terminated in August 1991, and most of this mortality was attributed to PKD.
All chinook examined shortly after transfer to PBS were infected with the PKX myxosporean (Fig.  1) .Numerous parasites and prominent RIH were observed in all the fish from the infected group sampled during the first 30 days; after this the infec tion prevalence and intensity decreased (Figs.2 and  3 ). Renal interstitial hyperplasia was due to chronic, diffuse inflammation,and an increase in hemato poietic activity in the renal interstitium.The renal lesions resolved after the infection was eliminated, and at 85 days,the densities of renal tubules in both groups of infected fish were not different from those of the controls. The PKX-infected fish in the netpen showed a cumulative mortality of 11% over the first 66 days of the experiment.Most of this mortality was attribut ed to PKD because fish showed pathological changes consistent with the disease(i.e.renomegaly and pale gills) and no indication of other diseases or infec tious agents. Although mortality in these fish was relatively minimal, most of the surviving fish in the pen were lethargic.When fish were captured for examination,some immediately rolled over and sank to the bottom of the collecting bucket.Many of these fish had pale gills, indicative of anemia.Al though the PKX infected fish were vaccinated aga inst Vibrio anguillarum and V.ordalii, mortalities associated with vibriosis were observed in these fish starting from day 66 through day 90.Vibriosis was diagnosed by observing large,multifocal hemor rhages in the liver,which is typical for the disease in chinook smolts (Evelyn and Kent,1992) .In addi tion, bacteriology was conducted on four moribund fish collected at day 70,and V. anguillarum was isolated from the kidneys in pure culture from all fish using Tryptic Soy Agar with 1% NaCl.We attribut ed 16% mortality in the PKX infected fish to vibri osis.In addition,there was a 20% unaccountable loss of the fish held in the netpens(e.g., predation by seals and birds,and dead fish that slipped through the bottom of the net).Vibriosis and PKD were not observed in the control fish, and this group had less than 5% mortality during the study.
The PKX organism was not detected in the chi nook at the time of transfer, and gradually increased in prevalence to 100% 41 days later (Fig.1) .The study was terminated at 53 days post-transfer,at which time all the fish were infected.As with previous years,many fish had heavy infections assoc iated with severe interstitial nephritis.
The chinook exhibited a similar pattern of infec tion as the 1993 study.The PKX organism was not detected at the time of transfer and then increased in prevalence to 100% in subsequent samples (Fig.1) . The study was terminated at 74 days post-transfer, at which time the prevalence and severity of infection had decreased.
Discussion
Whereas considerable research has been con ducted on the pathogenesis of diseases in anadro mous salmonids during their freshwater phase of development,relatively little information is available on the effects of these diseases on fish after they migrate to sea water. Banner et al.(1983) reported that bacterial kidney disease,caused by Renibacte rium salmoninarum, was associated with high mor tality in chinook after they were transferred to sea water, and Frantsi et al.(1975) reported that Atlan tic salmon (Salmo salar) with advanced bacterial kidney disease had higher mortality upon seawater entry than lightly infected or uninfected fish. The fungus Ichthyophonus sp. has caused impairment of seawater acclimation in salmon smolts (Uno,1990) . Boyce and Clarke (1983) showed that fish infected with the freshwater cestode Eubothrium salvelini had a reduced ability to adapt to sea water.Gill infec tions by the protozoan flagellate Ichthyoboda necator may also cause poor survival when hatchery-reared (Healey,1980a,b; Levings et al.,1986 Levings et al., ,1989 .The Puntledge River Hatchery chinook would be categorized as ocean-type under yearlings (Healey,1980b) ,and many of these fish remain in warm,surface waters during their first summer in sea water (Healey,1980b; Levings et al., 1986; Healey,1991) .In addition,fish with poor osmoregulatory capabilities probably remain in the brackish waters of the estuary longer than their healthy cohorts (Zaugg,1989) .
Spiny dogfish (Squalus acanthias) prey heavily on chinook salmon smolts (Beamish et al.,1992) ,and predation may be an important factor influencing survival of juvenile salmon in coastal waters (Healey,1980b 
